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INTRODUCTION
The purpose of the investigation reported in
this thesis was to determine for the Havana tobacco
plant, its nutrient requirement of amnionic and nitric
nitrogen.
The problem grew out of researches under way in
the Department of Agronomy, on the nitrogen intake of
Havana tobacco. The work had shown that nitric nitro-
gen was assimilated better than ammonic nitrogen under
one set of conditions. It was decided that this
should also be studied where the N, *> and & were in
various ratios.
In nature, soil not only serves as a medium of
support for plants but also is a rendezvous for macro-
and micro-organisms which play an important role in
plant growth. It is impossible to determine in the
field the basic facts of nitrogen assimilation, due to
the heterogeneous composition of the soil and to the
uncontrollable factors.
Nutritional problems of this kind are commonly
studied by means of solution or sand cultures. Owing
to the presence of the easily nitrifiable ammonium
salts in certain cultures anu the difficulty of
controlling bacterial activity in sand, it was decided
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to use the solution cultures in this study. By fre-
quent changing of the nutrient solutions the nitrifi-
cation process can be kept to an insignificant point.
NEED OF THE INVESTIGATION
Tobacco is one of the most important crops grown
in the Connecticut Valley as well as in some other
sections of the United States. The growing of tobacco
is a very highly specialized industry. There is evi-
dence that both the physical and chemical properties
of the soil alter the quantity and quality of the
tobacco leaf. The capital involved in the production
of an acre of tobacco is very high. Labor cost is
expensive, as it requires a large amount of hand
labor. The fertilizer investments are high for two
reasons. First, tobacco requires a large application
of fertilizer per acre; and second, tobacco being a
leaf crop, a large percentage of nitrogen is needed
in the complete fertilizer.
The acre value of tobacco depends on two major
factors, quantity and quality. With tobacco perhaps
more than any other crop, quality is an important
factor.
The fertilizer nitrogen used is largely organic,
which is the most expensive form. Cottonseed meal is
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commonly used as the carrier of nitrogen. It is
thought by a large number of growers that the form
of nitrogen plays an important role in the yield and
quality of tobacco.
Economic considerations such as these emphasize
the need of an investigation of forms of nitrogen as-
similable by tobacco.
REVIEW OF LITERATURE
In an extensive review of literature nothing was
found which indicated that any work has been done in
which amnionic and nitric nitrogen were compared as
sources of that element.
Soon after the discovery of the nitrifying pro-
cess by Schloesing and Muntz in (1877) (14) much work
was done on the assimilation of different kinds of
nitrogen. Pitsch (13) (1885) was one of the first to
work on this problem: great care was exerted in
making and keeping the soil sterilized. He grew
several different plants with sodium nitrate and am-
monium sulfate. It was found that the plants grown
with sodium nitrate gave the greatest yield. However,
he obtained good yields with ammonium sulfate and con-
cluded that nitrogen was assimilated in that form.
ifeze (11) grew corn and wheat in solutions con-
taining nitrogen in the nitrate and ammonium forms in
different ratios. He obtained the maximum assimilation
of the ammonium salt when the ratio of nitrate of soda
to sulfate of ammonia was 2:1. In an earlier experi-
ment he compared these two forms of nitrogen on the
yield of corn and considered the two to be of equal
value.
}
Hutchinson and Miller ( 5 ) grew peas with a
number of forms of nitrogen. They found that urea
gave best results but ammonium sulfate was very good.
They listed ammonium sulfate as being readily assimi-
lated by the pea plant.
Jones and Shive ( 6 ) obtained the greatest yield
of soy beans where the ammonium sulfate was in the
lowest proportions. They used a modified form of
Tottingham's (19) solutions in which the (NH^aSO^
was substituted for KN03 .
Stewart, Thomas and Horner (17) studied the effect
of aifferent forms of nitrogen on the growth of pine-
apple. It was observed that when the nitrogen was
applied in the form of nitrate at full strength the
greatest growth was obtained. However, where the am-
monium solution was diluted to one fourth, the plants
made very good growth. Analysis of the plants grown in
the ammonium solutions showed them to have a low amount
of lime and the ash was low in per cent of carbon di-
oxide.
They found that the hydrogen ion concentration of
the ammonium cultures increased with age and the re-
verse was true with the nitrate cultures.
+
fiote: In this thesis chemical symbols and formulae
will be freely substituted for the names of elements
and compounds.
Arthur Hugo Ayera (2) studied the influence of
the composition and concentration of the nutrient so-
lutions on tobacco plants grown in sand cultures. It
was found that nitrogen was the most important ele-
ment as a growth-limiting factor. The next of im-
portance was phosphorus, these being more important
than potassium. The superior plants were those grown
in cultures of low total concentration. Maximum ab-
sorption of calcium was in the cultures with the
highest total concentration.
Ho Liu (8) studied the effect of the various
salts on the chemical composition, yield and physical
properties of the tobacco. His results show that an
increase in nitrates gave an increase in growth and a
decrease in the ash content but produced rough leaves.
The blackening of the leaf stem appeared the earliest
where the Ca(N03>2 was the most concentrated.
As MgS04 was increased, the ash content and the
firmness of the ash was improved.
The bleaching of the lower leaves occurred on all
of the plants that were grown in the cultures hnving a
low concentration of l$gS04 .
SUMMARY OF LITERATURE
The literature reviewed has shown considerable
work done on the problem of form of nitrogen assimi-
lable by plants. There appears to be no doubt of
the claim that amnionic nitrogen as such is assimi-
lated by certain plants. On this point the evidence
is that assimilation is specific with the plant spe-
cies. There appears to be no general rule by which
one can predict the behavior of a plant with respect
to assimilation of amnionic nitrogen. iforeover, the
age of the plant and the duration of the period of
growth appear to be important factors not given due
consideration in investigations reported. The inter-
pretation of the literature is also complicated by the
fact that many of the investigators used both amnionic
and nitric nitrogen in the same solution.
As for the work with tobacco the literature has
revealed no studies pertaining to the assimilation of
amnionic nitrogen under conditions aiming to avoid the
presence of nitric nitrogen. Investigations of the
nature considered in this thesis, on the absorption of
nitrogen by tobacco have been conducted only with sand
cultures and with nitric nitrogen. In general, with
high nitric nitrogen content, largest yields of tobacco
were obtained.
METHODS EMPLOYED IN THIS INVESTIGATION
The general method was that of growing the plants
in solution cultures. The plan recommended by the
special Committee of the Division of Biology and Agri-
culture, National Research Council (9) with several
modifications was followed. Two types of solutions
recommended by this committee were used, types II and
IV, later, Known as A and B. The third was a modifi-
cation of several to meet the requirements of the spe-
cific problem; this will be known as solution C.
Types A and B hnd an intitial total osmotic concen-
tration of about one atmosphere and consisted of all
possible combinations of the three salts in which the
increments of change were equal to one eight of their
total molecular concentration. The same was true of
the four salt solutions and type C, with the exception
that magnesium sulfate was kept constant in all so-
lutions. It comprised one eight of the total mo-
lecular concentration.
Types A and B were selected because they were the
only two that had N, P and K each in a different salt,
a condition necessary for studying any behavior of the
plant with reference to the ratio of the specific ele-
ments.
J. T. Baker's C.P. salts were used. The amount of
Table 1. ANALYSES OP CH^ICALS
KH2PO4 Mol. Wt. 136.166
CaO -.001% SO3 .01%
Fe -.001% C02 none
CI -.001%
(HH4)2S04 Mol. Wt. 132.14
N.V.M. .003% H. metals none
CaO -.001% CI -.001%
Pe -.001% NH4SCN none
Ca(N03)2.4H2) Mol. Wt. 236.15
MgO & Alkalies .06% SO3 -.001%
Ba -.001% Fe -.001%
K2S04 Mol. Wt. 176.26
CaO -.001% CI -.001%
MgO -.001% N .006%
Fe -.001%
Mg(H03 )2.6Hg0 Mol. Wt. 266.50
Fe -.001% CaO -.001%
CI -.001% so3 -.001%
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Table 1. ANALYSES OP CH13CICALS (COST.)
CaULyO^g.HgO
BaO -.001%
MgO .006%
Mol. »t. 252.198
CI .002%
SO3 .006%
%(H^?04) 2.H20 Mol. t. 236.448
Fe .01% CI .002%
CaO .006% SO3 .005%
Na trace
Fe(K)4).4H20 Mol. V.t. 222.94
CI .002% SO3 .20%
As trace
%S04.7H20 Mol. Wt. 246.49
CaO -.001% CI -.001%
Fe -.001% As none
KC1 Mol. Wt. 74.56
Fe -.001% MgO -.001$
CaO -.001% S0o none
each salt am the partial molecular concentrations
are given in table 2 . There was no attempt to re-
crystallize the salts in order to eliminate the
traces of other elements. In table 1, will be found
the analysis of chemicals used. Ordinary distilled
water was used as the solvent for the salts.
It may be observed that the acid radicals (ni-
trate and phosphate) in type A exchange positions in
type B. The reason for using both types was to de-
termine whether the variation in the growth was due
to the cation or anion of the salt.
The source of iron for all solutions containing
nitrogen in the form of nitrate was ferrous sulfate
and for the solution containing nitrogen in the am-
monium form was ferric phosphate as recommended by
Jones ( 6 ).
Shive's H5C2 (15) was used as the check for all
solutions. This solution consisted of &H2PO4-O.OI8
mol; Ca(K03)2-0.0052 mol; %SQ4-0.015 mol.
Havana tobacco plants were transferred from flats
of soil to mason quart jars which contained the so-
lutions of the different salts in the various concen-
trations. The roots of the plants were thoroughly and
carefully washed. Perforated corks thinly coated with
paraffin were used to support the plants during the
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entire growing period. The Jacket used by earlier
workers to exclude light was modified by Beaumont (3)
and was used in this work.
The solutions were changed twice a week and the
Jars washed and drained.
Three tests were made of types A and B and two
tests of type C. For the first test of each type,
the solutions were made up in triplicate but in the
succeeding tests they were only in duplicate.
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As shown in the graphs 1-3 the yield of the first
culture of each series is the lowest for the entire
series. This is due in part at least to the low nitro-
gen :phosphorus ratio of that culture. In addition to
this ratio the large amount of magnesium present and
the small amount of calcium and potassium suggests that
there was a toxic effect in this unbalanced solution.
The ratios for these elements will be found in table 3.
The hydrogen ion concentration of these solutions was
determined for eight consecutive days and it was found
that the pH increased with the age of the solution with
few exceptions as shown in table 4, and in graph 4.
The same was found to be true by Stewart, Thorn, s and
Horner (17) for nitrate cultures during the early
stages of growth, but in the later stages of growth
there was an acid reaction greater than thnt of the
initial solutions. Jones and Shive ( 7 ) in growing
wheat plants in solution cultures found that the am-
monium sulfate cultures became more acid with age and
the nitrate cultures less acia.
The growth of the plants is shown in figures 15 .
The stems of the plants in this type were shorter than
those of the corresponding plants in type B and the
leaves were closer together. The leaves were broader
and shorter than in the latter type. The plants where
the nitrate concentration was the highest, had very
Test 1.
Test 2,
Fig. 15. Test 3.
Showing growth of Havana tobacco in Type A, (Ca(N03) 2 )
cultures.
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thick leaves and these sames leaves were very much
crinkled.
The solutions which produced the greatest yields
were those that h.-d a high concentration of nitrate,
as shown in tables 5 to 7 and figures l to 3.
DISCUSSION OP TYPE B
This experiment was started in April 1927. There
were three tests made with this type; the first had a
growing period of six weeks, the second and third
eight weeks.
This type consisted of twenty one different combi-
nations of the three salts and each culture was made in
triplicate for the first test and the second and third
in duplicate.
Some difficulty was experienced in growing plants
with this solution, at first. At the end of the first
week there were brown spots on the lenves of the plants
in cultures R1C4, R1CS, R1C6, R2C4, R2C5, and R3C4 and
the plants were growing slowly if at all. At first it
was thought that this might be due in part at least to
the high phosphate content. But after comparing these
plants with those grown in approximately the same amount
of phosphate in the form of Ug{R^O
/jt
) 2 it was found that
there was no correlation, ns the latter plants were
- 22
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entirely free of brown spots. Then the idea was ad-
vanced that it might be the high calcium content. In
order to ascertain the value of this hypothesis
Ca(H2£>04 ) 2 was substituted for in Shive's R5C2
solution which was being used as the check for all the
types. The plants were in a good, healthy condition
when the substitution was made, but in four days the
spots appeared on the plants in this solution.
The pH determinations were made of solutions pro-
ducing the brown spots by the quinhydrone method, and
it was found that these solutions hnd a pH of less than
3.0. Calcium hydroxide was added at the rate of 10cc.
to each 900cc. of the solution. The plants began to
grow and there was no more trouble with the brown
spots.
The same trouble with the dying of the growing tip
was encountered in this type as in type A, but fewer
plants were affected with it.
It may be noted in figures 1-3 that nearly all of
the first cultures of the first three series in type B
gave a smaller yield than the corresponding ones in
type A. It is quite evident that the variation in
yields of the different solutions within the series is
due in part at least to the nitrate concentration. But
the increase in yields of cultures H1S1, R2S1, and K3S1
of type A over the cultures R1C1, R2C1 and H3C1 of
- 24 -
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type B can hardly be attributed to the nitrogen con-
centration as there is about an equal amount in both
cultures. But as shown in tables 3 and 8 there is a
high calcium-magnesium ratio in type B and a low
calcium-magnesium ratio in type A. Loew and May (10)
grew tobacco, cowpeas, wheat and oats with calcium
and magnesium nitrate in different ratios varying
from 8:1 to 1:8. It was concluded from this work that
the best growth of all the plants except tobacco was
obtained where the calcium was slightly in excess of
the magnesium or 5:1. The tobacco plants started into
quickest growth where the Ca:Mg ratio was 8:1 but later
the plants became inferior to those where the ratio was
2:1. The best results obtained in this experiment were
with about equal amounts of these elements present.
This is in accord with the work of Sirker (16) with
oats, and with that of True and Bartlett (20), Aso (1)
and other workers with several different plants.
McCool (12) and Gile (4) found th<t there was an
antagonism between potassium and calcium and between
potassium and magnesium. This may partly explain why
solutions R1C1, R2C1 and R3C1, gave smaller yields
than H4C1, R5C1 and H6C1.
A comparison of the growth of the plants is shown
in figures 16 and 17.
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DISCUSSION OF TYPE C
The first tests were preliminary. The purpose
was to test the solution with wheat and tobacco. On
the second day after the plants had been placed in
this solution the wheat plants began to die and on the
seventh day there were thirty nine dead out of the
total forty five.
The tobacco plants withstood the unfavorable con-
ditions to a greater degree. However, there was about
fifty per cent of them dead on the seventh day. It was
thought that the solution was too strong for the young
plants. This test was repeated using only one half of
the original concentration. The wheat grew well for a
while, having nice white roots but at the end of two
weeks, these began to turn brown and remained in this
condition for some time. Later they began to grow
better and the proportions of brown color decreased.
Nevertheless the roots had a brown tinge through the
entire period of growth. They never regained the white
silky appearance they had at the beginning. Tobacco
plants grown simultaneously made very slow growth.
On April 3, 1927 the main investigation was start-
ed. Each of the fifteen different solutions was made
up in triplicate. The plants started to grow well and
began to develop new roots. On the seventh day some of
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the plants showed signs of chlorosis on the lower
leaves. Upon examination of the roots it was observed
that the older ones were becoming brown in color but
the plant was sending out new ones. These new white
roots in a few days were brown, but according to the
previous test of this solution on the wheat seedlings,
it was considered advisable to continue this series.
The pH of these solutions w.-s taken and it was
found that most of the solutions were too acid to be
read by the double wedge comparator which was in use
at that time. The highest pH value was 3.1 for solu-
tion 16A. This solution had 1 part (NH4)2S04 , 1 part
Ca(H26>04)2, 1 part H*gS04, and 5 parts KCl. Since the
degree of acidity for the solutions of this type was
considered too great for proper plant growth 10 cc of
Ca(0H)2 were added to each solution to bring up the
pH to 3.60 - 4.50 a range where it was thought the
plants might grow better.
On the whole all the plants made very poor growth,
the highest yield being 0.9 grams of dry matter for
the entire plant, taken as the average of two plants,
Shive's R6C2 (Check) produced an average dry weight of
3.83 grains when grown in comparison with this type.
The growing period for the first test was six
weeks and eight weeks for the other.
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The pH of the solutions was determined for eight
consecutive days in addition to a determination when
they were made up and when they were discarded.
These data are given in table 14. The figures are in
harmony with those of Stewart, Thomas and Horner (17)
who grew pineapples in (NH^gSC^ cultures. The acidi-
ty increased.
»
The plant response to the different ratios of N,
? and K was about the same, with the exception of a
very slight increase in weight as the potassium in-
creased and the nitrogen and phosphorus decreased but
the increase was slight.
This abnormal growth in type C is no doubt due to
the induced condition of the roots. The plants grew
normally until the roots began to turn brown, which
was immediately followed by a slimy film there.
Succeeding these symptoms the basal leaves began to
turn yellow and this condition gradually extended to
the leaves above, the lower ones becoming depleted of
chlorophyll. The leaves in the vicinity of the growing
tip gradually became very dark green. This would indi-
c te that the uppermost leaves were being developed at
the expense of the lower ones. At the end of the
growing period the plant possessed very few green
leaves and these were near the growing tip.
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If this experiment with type C had been termi-
nated after a brief growing period different conclu-
sions might have been drawn. During the earlier
stages of growth it appeared that the ammonic nitrogen
might have been assimilated freely and readily. In
fact it may have been so assimilated in the early
stages of growth when the plants not only had ammonic
nitrogen but also probably other forms of stored ni-
trogen to live on.
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Showing location on the triangular diagram of the six
highest yielding cultures of 1st, test of type A.
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K2SO4
Fig. 8.
Showing location on the triangular diagram of the six
highest yielding cultures of 2nd. test of type A.
Ca(N03 ) 2 %(Hg?04 ) 2
Fig. 9.
Showing location on the triangular diagram of the
six highest yielding cultures of 3rd. test of
type A.
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Fig, 10.
Showing location on the triangular diagram of the
six highest yielding cultures of 1st, test of type B.
Ca(H2?04 )2
K2SO4
Fig. 11.
Showing location on the triangular diagram of the six
highest yielding cultures of 2nd. test of type B.
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Fig. 12.
Showing location on the triangular diagram of the six
highest yielding cultures of 3rd. test of type B.
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5
KC1
Fig. 13.
Showing location on the triangular diagram of the
six highest yielding cultures of 1st. test of
type C.
LCI
Fig. 14.
Showing location on the triangular diagram of the
six highest yielding cultures of 2nd. test of
type C.
Note:
Owing to the rather low pH value of the type C
solutions it was thought advisable to check results
with a modification of type C which carried a higher
pH value. This has been done and plants harvested.
Final data will be appended to this thesis within a
few days. Suffice it to say at this time that re-
sults of this last test correspond closely with
those already reported.
DISCUSSION OF MODIFIED TYPE C.
Type C was modified in order to give a higher
pH value to the solutions in which the plants were
grown. This modification was brought about by
substituting 164cc W70 Ca3(P04) 2 in each culture
instead of the varying amounts of CadigPO^g used in
the unmodified type C. The amounts of the other
salts remained the some as th t regularly used in
type C. The cultures were run in duplicate and yield
records taken at the end of eight weeks.
As shown in table 17 the pH was raised to about
5.0 but the growth of the plants was very similar to
that obtained in the tests with type C. Some increase
in yield was noted and this is shown in table 18.
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SUMMARY AND CONCLUSIONS
1. The effect of nitric and amnionic nitrogen on
the yield ana condition of the Havana tobacco was
studied when grown in solution cultures.
2. There were three types of solutions used;
types II and IV of the three salt solutions recom-
mended by the special Committee of the Division of
Biology and Agriculture, National Research Council;
the third a modification of several solutions. These
types are designated as types A, B and C respectively
in this paper. Type A contained Ca(N03 ) ;Hg(H2?04) 2 ,
and KgSO^ Type B contained MgCNC^gjCaCH^O^g; and
K^0^ TyPe c contained (NH^gSO^MgSO^KCl; and
Ca(H2»'04)2 .
3. In types A and B maximum growth was obtained
where the nitrate salt was high.
4. The calcium :magnesium ratio had very little
influence on the yield of the plant where the nitrate
was high.
5. It appears that the high calcium magnesium
gave a toxic effect to the plants of type B where the
potassium content was low. This occurred in toe first
three series of the type.
7. All of type C made very poor growth. The
various concentrations of the <NH4)2S04 made very
little difference in the yield.
8. The plants of type C grew normally at first
but later the roots began to turn brown and new ones
were sent out.
9. The lower lenves became yellow first, and
finally the entire plant became more or less chlorotic.
10. The new top leaves of plants in type C solu-
tion had a very dark green color which increased with
age. As soon m the lower leaves began to turn yellow
the dark color appeared in the new lerves.
11. The root development of this series was very
inferior.
12. With these ratios there wr<s no culture that
gave good growth.
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